Previously, we described a technique for fluorescence in situ hybridization (FISH) in whole-mount Drosophila embryos using fluoresceinlabeled RNA probes (2) . This technique provides several advantages over conventional alkaline phosphatasebased detection methods. For example, a fluorescent label is nondiffusible and so allows higher-resolution imaging. Furthermore, it allows the use of confocal and deconvolution microscopy, which can take advantage of this enhanced resolution and at the same time penetrate deeply into the sample to give three-dimensional information.
Another potential advantage of fluorescence-based detection methods is the possibility to generate double-labeled samples in which relative overlaps between two or more expression patterns can be resolved at the cellular and subcellular levels. Our previous method allowed for the detection of only one transcript. Here we describe modifications of our protocol, which allow simultaneous detection of two different transcripts. We also describe a variation that combines whole-mount FISH with fluorescent antibody staining. Double FISH was achieved using a combination of fluorescein-and digoxigenin-tagged RNA probes. The probes were detected by incubating first with anti-fluorescein and anti-digoxigenin antibodies and subsequently with the corresponding non-cross-reacting fluorescently tagged secondary antibodies. Several probes were tested with equally successful results. Strong signals were detected using conventional fluorescence microscopy.
RNA probes were made using T7 or T3 RNA polymerase (both from Boehringer Mannheim, Laval, QC, Canada) essentially as described in the manufacturer's specification sheet. Enzyme buffers (10 ×) provided with the polymerases were used. Flourescein-12-UTP and digoxigenin-12-UTP ribonucleotides were obtained as premixed 10 ×cocktails containing appropriate concentrations of unlabeled ribonucleotides (Fluorescein RNA Labeling Mix and DIG RNA Labeling Mix; Boehringer Mannheim). Before use, template DNA must be cut to completion and carefully extracted with phenol/chloroform and then chloroform alone, followed by ethanol precipitation. RNase-free reagents are recommended but are not essential if care is used in preparation of the template and assembly of the transcription reactions. To eliminate possible RNase contamination, 1 µ L RNase inhibitor (RNAguard ® ; Pharmacia Biotech, Baie dÌUrfe, QC, Canada) (1 U/ µ L) was added to each 25-µ L transcription reaction. Following the transcription reaction (at 37°C for 2 h), the labeled probes were precipitated by the addition of 1 µ L 0.5 M EDTA, 2.5 µ L 4 M LiCl and 75 µ L absolute ethanol. The resulting pellet was washed with 500 µ L cold 70% ethanol and resuspended in 100 µ L RNase-free H 2 O. Figure 1 shows the products of two transcription reactions resolved on a 0.8% agarose gel and stained with ethidium bromide. Degradation of the probe by carbonate buffer treatment (Reference 3, Protocol 6) was found to be not only unnecessary but usually detrimental. 
BENCHMARKS
Benchmarks are brief communications that describe helpful hints, shortcuts, techniques or substantive modifications of existing methods.
Embryos were prepared essentially as described by Lehmann and Tautz (3) using 4% formaldehyde. A 40% stock formaldehyde solution can be prepared prior to embryo fixation as follows. Paraformaldehyde (0.92 g) is added to a glass test tube along with 2.5 mL H 2 0 and 35 µ L 1 NNaOH. The mixture is heated at 90°-100°C until the paraformaldehyde is fully in solution. Fixation was performed in scintillation vials containing 8 mL heptane, 2.25 mL 1 × phosphate-buffered saline (PBS) and 0.25 mL 40% formaldehyde. The mixture is intermittently swirled for 20 min, and then the embryos are drawn off in heptane, with care not to transfer any of the lower aqueous phase, and transferred to a 1.5-mL microcentrifuge tube. The volume is then adjusted to 0.5 mL heptane and 0.5 mL methanol and shaken vigorously for 30 s to remove the vitelline membrane of the embryos. Most of the embryos should sink to the bottom. As much of the methanol as possible is removed along with most of the heptane, and then the step is repeated. Finally, embryos are washed three times with methanol, then stored if necessary in methanol at -20°C. The remaining post-fixation and protease steps are as described by Tautz and Pfeiffle (6) using freshly prepared formaldehyde.
Concentrations Figure 2A shows an example of a whole-mount embryo double-labeled with a fluorescein-labeled fushi tarazu ( ftz ) and a digoxigenin labeled wingless ( wg ) probe. Several other combinations of differentially labeled probes were tested including a fluorescein-labeled ftzprobe together with a digoxigeninlabeled engrailed( en ) probe, a fluorescein-labeled wgprobe together with a digoxigenin-labeled en probe and a fluorescein-labeled wg probe together with a digoxigenin-labeled wgprobe. All combinations worked equally well (data not shown).
We also tested whether this type of FISH were compatible with immunofluorescence-based protein detection. Figure 2B shows an embryo that was labeled for wgmRNA (red) and en protein (green). The mRNA probe preparation, hybridization and post-hybridization washes were carried out as described for the double in situ protocol above, except that a shorter proteinase K treatment (half the time) was used to reduce degradation of protein epitopes. In this experiment, a digoxigenin-labeled wg probe was used because the protein being visualized was detected using a mouse anti-Engrailed monoclonal antibody (Antibody 4D9; Reference 5). After the post-hybridization washes and final rinse in PBTB, embryos were incubated with anti-digoxigenin antibody as described above and the anti-En antibody (ascites diluted 1:500). Note that the combination of these two approaches at this point saves considerable time (about 24 h) over previously published nonfluorescence double-labeling techniques (4) and avoids deterioration of the first signal (usually the product of alkaline phosphatase staining) during detection of the second. Subsequent washes in PBTB were performed as described above followed by incubations with the appropriate secondary antibodies (donkey anti-sheep CY3 and goat antimouse CY2). After final washing, embryos were mounted and observed as described above in the double in situ protocol.
A FISH/antibody double-labeling protocol for Drosophilaembryos was also recently described by Goto and Hayashi (1) . Their protocol makes use of the alkaline phosphatase substrate Fast Red TR for fluorescence detection of digoxigenin-labeled RNA probes.
We haven't adequately tested this approach to see how it compares in terms of sensitivity and convenience. However, the diffusible nature of the alkaline phosphatase product, as opposed to fluorescently conjugated antibodies, would likely lower resolution significantly at the subcellular level. Many cells are lost during sample preparation for fluorescence in situ hybridization (FISH) analysis. Cell loss can occur at all steps in sample processing: density gradients, centrifugation, hypotonic treatment, cell lysis, cytoplasmic removal, fixation and cell application to the slide. If the sample size is limited, as is the case for percutaneous umbilical blood samples and many solid tumors, then typical processing methods result in critical cell loss. When target cells are rare events, as is the case for fetal cells in maternal blood or cancer cells in bone marrow, then cell loss is also extremely detrimental. Applying cell suspensions to membrane filters can easily maximize cell retention. We have devised a FISH method for cells on membrane filters. This method builds on the standard protocols used for FISH analysis of samples immobilized onto glass slides (1-7).
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Following quantitation of nucleated cells using a hemocytometer, samples were resuspended in phosphate-buffered saline (PBS) (137 mM NaCl, 2.7 mM KCl, 4.3 mM Na 2 HPO 4 , 1.4 mM KHPO 4 ) to a final concentration of 4-8 × 10 5 nucleated cells/mL. A polyvinylidene fluoride (PVDF) membrane filter (Millipore, Bedford, MA, USA) with a 0.22-µ m pore size was placed on a glass filter holder for vacuum filtration. After the vacuum was turned on,
